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(54) Title: APPARATUS FOR OPTICAL MEASUREMENT OF MOVEMENT OF AN OBJECT 




(57) Abstract 

Apparatus for optical measurement of movement of an object, including means adapted to transmit light onto the 
surface of the object and means adapted to receive light reflected by the surface and arranged to produce an electric signal 
corresponding to light received from each of a number of mutually spaced light-receiving elements, and a signal process- 
ing circuit (5) incorporating a correlator (6) for determining the relative time shift of the two electric signals, this time shift 
constituting a measurement of the velocity of the object. According to the invention the aforementioned means comprises 
a sensor having solely one waveguide (9) adapted to transmit light, this waveguide being positioned symmetrically between 
two waveguides (10, 11) adapted to receive light thus transmitted and reflected by the surface of the object, the centres of 
respective light-emitting and light-receiving apertures of the three waveguides (9, 10, 11) being placed along a line. 
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APPARATUS FOR THE OPTICAL MEASUREMENT ; OF MOVEMENT OF AN OBJECT 

The present invention relates to apparatus for optical- 
ly measuring movement r primarily rotational movement. 

Thus, the movement referred to here is both rotational 
movement effected by an object and the movement of an ob- 
5 ject in a single plane. With regard to the rotational move- 
ment of an object, the parameter measured is particularly 
the angular velocity of the object and/or the diameter 
thereof when the object is of circular-cylindrical confi- 
guration. 

■JO Apparatus for measuring optically the movement of a 

surface in a single plane with the aid of optical sensors 
are known to the art. Apparatus of this kind are disclosed 
in Swedish Patent Specification No. 329, 735 for example. 
One such apparatus is based on the fundamental 

15 principle of using two sensors, each being adapted to 

transmit light which, when reflected by the surface of an 
object, is received by the sensor having transmitted the 
light. Thus, provided that the two sensors are in mutual 
alignment with a line extending parallel with the direction 

20 in which the object moves, both sensors will produce sub- 
stantially equivalent electric signals ^ where the signal of 
one sensor is displaced or shifted in time relative to the 
signal of the second sensor. This time shift, which is a 
measurement of the speed at \rtiich the object moyes past 

25 the sensors, is determined by correlation technique.- 

The use of two separate sensors has been found beset 
with difficulties when wishing to measure the velocity of 
curved surfaces, since the distance between the sensors must 
be such that.no lightis transmitted from the transmitter of 

30 one sensor to the receiver of the other sensor, as herein- 
after made apparent. 

In addition, apparatus of this kind known hitherto 
have most often been adapted to transmit laser light, so as 
to enable the requisite accuracy to be achieved. 

35 It has surprisingly been found that when using an 

apparatus according to the invention it is not necessary to 
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use laser light, not even when measuring highly reflective 
objects, since the same measuring accuracy can also be 
achieved with light of a different kind. More specifically, 
it has been established that it is possible to obtain 
5 sufficiently high correlation between two signals while 

using light which is far less well-defined than laser light • • 

Other advantages afforded by an apparatus according 
to the invention, which will be made apparent hereinafter, * 
include, inter alia, the fact that its sensors have consider- 

10 ably smaller dimensions than known sensor arrangements and 
that cylindrical objects of mutually different diameter can 
be measured with the same sensor without appreciably 
affecting the accuracy of the measurements. 

Thus, the present invention relates to apparatus for 

15 measuring optically the movement of an object, comprising 
means adapted to transmit light to the surface of the 
object; means adapted to receive light reflected from the 
surface and arranged to produce an electric signal corres- 
ponding to light received from each of a number of mutually 

20 spaced light-receiving devices; and a signal processing 

circuit comprising a correlator for determining the relative 
time shift of the two electric signals, this time shift 
constituting a measurement of the speed of the object; and 
wherein said means includes a sensor having only one light 

25 waveguide adapted to transmit light, this waveguide being 
placed symmetrically between twp auides ladapted to receive the 
light thus transmitted and reflected against the surface of 
the object; and wherein the centers of the light-transmit- 
ting and light-receiving apertures of the three light wave- 

30 guides are placed along a straight line. 

The invention will now be described in more detail, 
partly with reference to an embodiment thereof illustrated 
in the accompanying drawing, in which 

Figure 1 is a side view of a sensor according to the 

35 invention; , 
Figure 2 is a block schematic illustrating apparatus 
for measuring the movement of an object, angular velocity 
and/or diameter in accordance with the invention; 



BNSDCX^ID: <WO_8S05187A1_L> 



wo 85/05187. 



-3' 



:T/SE85/00198 



Figure 3 is a drawing illustrating how certain para- 
meters can be determineoi - ' 

Figure 2 is a block schematic illustrating apparatus 
according to the invention for measuring optically the 
5 movement of an object. The apparatus includes means 1 for 
transmitting light to the surface 3 of the object 2, and 
means 4 adapted to receive light reflected from said sur- 
face. The means 4 is adapted to produce an electric signal 
corresponding to the light received by each of two mutually 
10 spaced light-receiver elements. The apparatus further 

includes a signal processing circuit 5 comprising a corre- 
lator 6 for determining the relative time shift (t) of the 
two electric signals, this time shift constituting a 
measurement of the speed of the object 2. 
15 In accordance with the invention the aforesaid means 

includes a sensor 8, see Figure 1, having solely one light 
waveguide 9 for transmitting light, which is positioned 
symmetrically between two light waveguides 10, 11 adapted 
to receive the light thus transmitted and reflected from 
20 the surface of the object. 

The centres of the light-emitting and light-receiving 
apertures of the three waveguides are placed on a straight 
line, such that each waveguide will respectively illuminate 
and sense the same section of an object as the object moves 
25 in the direction of the line. 

When using the sensor 8, the sensor is oriented so 
that the straight line is approximately parallel with the 
direction of movement of the objects 

The waveguides 9,10,11 may comprise, for example, 
30 optical fibres, fibre-bundles, or waveguide channels on an 
optically integrated circuit* 

According to a preferred embodiment, however, each 
light waveguide comprises solely optical fibres. According 

to a further embodiment the distance 1 between each of the 

o 

35 waveguides 9,10,11 is of the same order of magnitude as the 
diameter or like dimension of the waveguides, which is 
preferably less than 200 um. So-called monomode fibres can 
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also be used. This enables a sensor according to the 
invention to be given very small dimensions, which has 
obvious important advantages, as will be seen from the 
following. 

5 The light-transmitting waveguide 9 is connected to a 

light-emitting element 12 for generating suitable light. 
Each of the two remaining waveguides 10,11 is connected to , 
a respective light-sensitive element 13,14. 

As shown in Figure 1 , respective waveguides transmit 

10 and receive light within a given acceptance area, illustra- 
ted in broken lines in. Figure 1 , this area being greater 
than the light- transmitting or light-receiving apertures 
or end" surfaces of respective light waveguides. 

It will be understood that the acceptance area of 

15 the light -receiving waveguides will partially overlap the 
surface illuminated by the light-transmitting waveguides- 
Thus, the present invention is based on the concept 
of using solely one light-transmitting waveguide for illu- 
minating the surface of an object and Of using two light- 

20 receiving waveguides for receiving the same transmitted 

light reflected from different locations on the surface of 
the object, these light-receiving waveguides being positio- 
ned on a respective side of the light- transmit ting wave- 
guide. A further essential feature in addition to the use 

25 of solely one light-transmitting waveguide or conductor is 
that said conductor is symmetrically located in* relation to 
the flanking light-receiving waveguides. As a result of 
this particular construction it is no longer necessary to 
use two sensors which must be held separated in space, as 

30 with previously known arrangements, but that the sensors 

present may be given very small dimensions, as previously 

mentioned. This enables the distance 1 to be made very small 

o « 

in relation to the radius of a rotating object, thereby 
rendering the apparatus particularly suitable for measuring 
35 the angular velocity and/or diameter of a rotating object. 

A further advantage is that the sensor need not be 
aligned relative to the object so that a line passing 



BNSDOCID: <WO__8S05187A1J_> 



wo 85/05187 




CT/SE85/00198 



through the apertures of respective waveguides is precisely 
parallel with the direction in which the surface of the 
object moves. Experiments have shown that correlation can 
be obtained in certain instances even when the aforesaid 
5 line forms an angle of up to 45^ with the direction of 
movement of the object. 

The sensor according to the present invention also 
has the effect of enabling non-coherent light to be used, 
even when the object has a glossy surface. Thus, there can 

10 be used visible or infrared light produced with the aid of 
a light-emitting element 12 in the form of a conventional 
simple light diode. 

With such light there is obtained a high degree of 
correlation when measuring against both glossy objects and 

15 dull objects, although resolution is poorer in the case of 
dull objects* 

Consequently / the use of laser light is not a prefe^ 
rence with apparatus according to the invention^ which 
among other things greatly reduces the cost of the apparatus. 

20 The small geometrical dimensions of the sensor also 

afford advantages with regard to certain fields of applica- 
tion where access if limited. 

With reference to Figure 1 it will be seen that the 
three waveguides 9,10,11 are, for example, consolidated in 

25 a plastics material 15 in a sleeve 16, in a manner to 
maintain the mutual positions of the waveguidesi 

The light-emitting eleiment^ 1 2 is" powered by a 
voltage source 17. 

The light-sensitive elements 13,14 comprise elements, 

30 for example photodiodes, suitable for the light used. The 
light-sensitive elements 13,14 are connected to the corre- 
lator 6, in which the signals from the elements are corre- 
lated and the time shift t between the signals is deter- 
mined in a known manner. The time shift t prevailing 

35 between the signals is thus established and subsequently 
utilized. 

Figure 3 illustrates the significance of certain 
parameters with a sensor according to the invention. 
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In Figure 3 there is illustrated an object 2 which 
rotates in a direction 20 around an axis 21. The light- 
transmitting conductor. 9 is hereinafter referenced S and 
the light-receiving conductor 10,11 are referenced HI and 
5 M2 respectively. 

Although the illustrated object has the form of an 
elliptical cylinder 2 it will be understood that other 
forms can be used. 

The centres of the apertures of the three waveguides 
10 are located at a constant distance R from the axis 21, in 
a plane extending at right angles to said axis. The wave- 
guides are oriented uniformly on the axis, as indicated 
with the angle a for the three waveguides. As beforementio- 
ned the light waveguide S is located symmetrically between 
15 the light waveguides Ml and M2, i.e. = <j)e + 6 and 

*s " *Mi * e. ^ 

When the object rotates, the waveguide M2 receives 
light vjhLch is converted to an electric signal S2(A ), where 
*o ^® the rotation of the object. Correspondingly, the 
waveguidft Ml gives rise to an electric signal S1(4 ). S2(« ) 
will now equal SI - g) , i.e. the signal S2 lies°3 ° 
radians behind the signal SI. 

The signal SI is dependent on the structure or proper- 
ties E (Y) of the surface of the object, where y is a para- 
meter describing the position of the surface. The signal is 
also dependent on the orientation of the light waveguides 
in relation to the surface, which can be described by the 
function G 4,^, y) , where 4.5 is the position of 

the transmitter, is the position of the receiver, <f is 
30 the rotation of the body, and y is the coordinate on the 
svurface. 

The signal SI is given by a sum or integral of the 
points illuminated 

51 {4>^) = /G (.(frg, ,|,^^, 4,^, y) E <Y) dY 

Similarly the signal S2 is given by the following integral 

52 (4,^) =Jg ^^,y , E (Y) dY 



20 



25 



35 
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By applying the rule of reciprocity and translation it can 
be shown that 

= ^*o " 

5 

This is illustrated in the figure / which shows that 
an arbitrary beam 22 between S and Ml returns as a beam 
23 between S and M2 similar to beam 22 with the exception 
of direction when the object has been rotated through g 
10 radians, 

. The signal S2 is therefore delayed g radians in 
relations to the signal SI. 

This delay is the aforementioned time shift t , 
which can be measured with the aid of correlation technique, 
15 where the relationship t = 6 /tj / where oj is the angular 
velocity, prevails. Conversely, the angular velocity can be 
determined w = 3/ t. 

With regard to measuring the planar velocity of an 
object, R-*-oo • It follows from this that the velocity v of 
20 the object is given by the equation v = Iq/'^- 

In accordance with a preferred embodiment of the 
invention, the signal processing circuit 5 includes a cal- 
culating unit 24, such as a microprocessor, for calculating, 
for exaitple, the velocity v from the equation v = "^q^^ ' 
25 where 1^ is introduced into the microprocessor 24, through 
a keyboard 25 for example. The result is shown on a suit- 
able display means 26, such as a display screen, a writer 
or like device. 

As bef orementioned, the present apparatus is particu- 
30 larly suited for measuring the angular velocity and/or the 
diameter of a circular-cylindrical object. 

The angular velocity w is obtained from the relation- 
ship 0) = P/ T . Because the present sensor can be given small 
dimensions, 6 will also be small, and hence w can be cal- 
35 culated from the relationship w = ''o'^^ • t . m addition, 
the sensor may have a form as though R were equal to 
infinity, i.e. the centres of the apertures lie on a straight 
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line at the distance 1^ and are parallel oriented. A high 
degree of measuring accuracy can be achieved despite this. 

According to a preferred embodiment of the apparatus 
for measxiring the angular velocity of a rotating object, 
5 the signal processing circuit 5 is adapted, with the aid of ? 
the microprocessor 24/ to calculate the angular velocity 
oi from the equation w = *t r where the paramters 1^ 

and R are inserted into the microprocessor. 

The present apparatus can also be used to advantage 
10 to measure the diameter 2r of a rotating cylindrical object. 

The equation R = l^/x • (c' is used, where the angu- 
lar velocity is given, for example by measuring with the 
aid of another transducer. 

The equation R = r + d also applies, where d is the 
15 radial distance between the surface of the object and the 
aperture centres of the respective light waveguides, see 
Figure 2. 

The distance d is determined by measuring or by an 
abutting device arranged to maintain the distance d constant. 
20 The diameter 2r is therewith given by the relationr- 

ship 

2r = 2{1^/t • - d) 

It will be understood that both external and internal 
25 diameters can be measured. 

Since the sensor according to the inventi,on can be 

given small dimensions, i.e. the distance 1 can be made 

o 

small, the relationship & • r = « r, i.e. the radius 
of the object is large in relation to the distance 1 , is 

30 true for the majority of 'applications conceivable, for 
example measurement of the diameter of shafts or wheels 
-under manufacture. Consequently the light waveguides may be 
designed as though R co, i.e. may be mutually parallel and 
have a mutual interspace of 1^. A high degree of measuring ^ 

35 accuracy can be achieved in spite of this. 

Accordingly, according to a further preferred embodi- 
ment of the apparatus for measuring the diameter of an 
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object, the aforesaid signalling processing circuit 5 is 
arranged to calculate, with the aid of the microprocessor 
24, the diameter 2r from the relationship 
2r = 2(1^/t • (o' - d) f where the pararoters 1^, d and o)* 
5 are inserted into the microprocessor. 

As is clearly evident from the aforegoing, the struc- 
tural design of the sensor incorporating solely one light- 
transmitting waveguide flanked by two light-receiving 
waveguides enables the sensor to be given small dimensions, 

19 i.e. the distance 1 can be made small. In turn, this en- 

o 

ables the angular velocity and diameter of the cylindrical 
rotating 'object to be determined with a high degree of 
accuracy, which is much more difficult to achieve with 
conventional transducers, if at all possible 
15 It will be understood that when reference is made in 

the aforegoing to a sensor which can be given small dimen- 
sions as a result of its construction, these dimensions are 
in relation to the object against which it is directed to 
measure parameters thereof. It will also be seen, however, 

20 that the sensor can be given small dimensions in absolute 
terms, compared with the known technique in which two sen- 
sors and their distance apart shall be taken into account. 

The present invention is not restricted to a sensor 
of any particular size, however. 
25 According to one preferred embodiment in which the 

light used is laser light, the light-transmitting fibre may 
comprise a so-called monomode jB.bre , vdiile the light-recei- 
ving fibres may comprise so-called multimode fibres - 

This affords the advantage that the light- transmitting 
30 fibre is insensitive to vibrations. 

The technical structural design of the sensor, and 
also the structural design of the af oredescribed electronics 
can be modified without departing from the concept of the 
invention. 

35 Thus, the present invention is not restricted to the 

af oredescribed embodiments, and modifications can be made 
within the scope of the following claims. 
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CLAIMS 



1. Apparatus for . optically measuring nuDvement of an 
object, including means adapted to transmit light onto a 
surface of the object, and means adapted to receive light 
reflected by said surface and adapted to produce an elec- 

5 trical signal corresponding to light received from each 
of a nxamber of mutually spaced light-receiving elements; 
and a signal processing circuit (5) incorporating a corre- • 
lator (6) for determining the relative time shift ( t) of 
the two electric signals, this time shift constituting 

10 a measurement of the speed of the object, characterized in 
that said means includes a sensor (8) having solely one 
light waveguide (9) arranged to transmit light, said wave- 
guide (9) being positioned symmetrically between two light 
waveguides (10,11) adapted to receive light thus transmitted 

15 and reflected by the surface of the object? and in that the 
centres of the light-emitting and light-receiving apertures 
of the three waveguides (9,10,11) are placed on a line. 

2. Apparatus according to Claim 1, characterized in that 
each of said waveguides (9,10,11) comprises light-conducting 
fibres which are connected to a light-emitting element (12) 
and two light-sensitive elements (13,14) respectively. 

3. Apparatus according to Claim 1 or 2, characterized in 
that each of said waveguides (9,10,11) comprises solely one 
light conducting fibre, such as a glass fibre, where one 

25 fibre is connected to a light-emitting element (12) and two 
fibres are each connected to a respective light-sensitive 
element (13,14). 

4. Apparatus according to Claim 1, 2 or 3, characterized 
in that the distance (1^) between each of two adjacent wave- 
guides (9,10,11) is of the same order of magnitude as the 
diameter or like dimension of the waveguides (9,10,11) this 
diameter or like dimension preferably being less than 200 
ym. 

5. Apparatus according to Claim 1,2,3 or 4, characteri- 
35 zed that the light-emitting element (12) comprises a light 

source, such as a light diode, adapted to transmit non- 
coherent light. 
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6. Apparatus according to Claim 1, 2, 3 or 4 , for mea- 
suring the angular velocity of a rotating object, charac- 
terized in that said signal processing circuit (5) is 
adapted to calculate the angular velocity (w) from the 

5 relationship w = ^q/^ ' ' where 1^ is the distance 

between the said apertures of each of the receiving wave- 
guides (10/11), and the aperture of the transmitting wave- 
guide (9), where R is the radial distance from the rotatio- 
nal centre of the object to said apertures and where t is 
10 said time shift. 

7. Apparatus according to Claim 1,2,3,4,5, or 6, for 
measuring the diameter of a rotating object of constant 
diameter, characterized in that said signal processing 
circuit (5) is adapted to calculate the diameter 2r from 

15 the relationship 2r = 2 (I^/t • oj' - d) , where r is the 

radius of the object, where 1^ is the distance between said 
apertures of each of the receiving waveguides (10,11) and 
said aperture (9) of the transmitting waveguide, where ui' 
is the angular velocity of the object, where t is the time 

20 shift, and where d is the radial distance between the surface 
of the object and said apertures of respective waveguides 
(9,10,11). 

8. Apparatus according to any one of the preceding 
claims, characterized in that the light-transmitting wave- 

25 guide (9) comprises a so-called monomode fibre; and in that 
the remaining two waveguides (10,11) comprise so-called 
multimode fibres - 

9. Apparatus according to any one of the preceding 
claims, intended for measuring the angular velocity and/or 

30 diameter of an object, characterized in that the apertures 

of the three waveguides (9,10,11) are aligned on the rotatio- 
nal centre cf the object. 

10. Apparatus according to any one of the preceding 
claims, characterized in that each of said waveguides 

35 comprises a waveguide channel on an intergrated circuit. 
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